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 < µS = mS/(mS + mJ)  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 
 (uS , vS)! (uJ , vJ)  (u, v)  	  
   +
	
! " A	  "

		  	 r1! r2  r
 	    
      <
 u¨ = (1− µ)
uS−u
r31
+ µuJ−u
r32
v¨ = (1− µ)vS−v
r31
+ µvJ−v
r32
H**I
D 
 	   		  

   G = 1 0 	   
 	
! 
 	 x˙ 		 dxdt   x¨ =
d2x
dt2
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 		 	   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  A	 	  " (−µ, 0)
 (1− µ, 0) ?  ! 
 		  
   (x, y).
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(u  ,v)
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y
(1−µ,0)(−µ,0)
(x,y)(b)
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	  
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 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 		

HI 0  < 
 		  +
	
!  A	   
 
  	 
	  r1  r2  
   <
r1 =
√
(x + µ)2 + y2  r2 =
√
(x− 1 + µ)2 + y2.
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     
  	 < (
u
v
)
=
(
cos t − sin t
sin t cos t
)(
x
y
)
.
?! (
u˙
v˙
)
=
(
cos t − sin t
sin t cos t
)(
x˙− y
y˙ + x
)
 (
u¨
v¨
)
=
(
cos t − sin t
sin t cos t
)(
x¨− 2y˙ − x
y¨ + 2x˙− y
)
.
  	 u! v! u¨! v¨  
 	   H**I   
C (xS , yS)
 (xJ , yJ) 	  (−µ, 0)  (1− µ, 0)!   <
• (x¨− 2y˙ − x) cos t− (y¨ + 2x˙− y) sin t
=
(
(1− µ)−µ− x
r31
+ µ
(1− µ)− x
r32
)
cos t−
(
1− µ
r31
+
µ
r32
)
y sin t H*-I
• (x¨− 2y˙ − x) sin t + (y¨ + 2x˙− y) cos t
=
(
(1− µ)−µ− x
r31
+ µ
(1− µ)− x
r32
)
sin t +
(
1− µ
r31
+
µ
r32
)
y cos t. H*1I
  	
  	  	 <{
(1.2) cos t + (1.3) sin t
(1.2)(− sin t) + (1.3) cos t,
  
 	    
   	 		 <
x¨− 2y˙ − x = −(1− µ)x + µ
r31
− µx− (1− µ)
r32
H*7I
y¨ + 2x˙− y = −
(
1− µ
r31
+
µ
r32
)
y. H*,I
?	 	 Ω = x
2+y2
2 +
1−µ
r1
+ µr2 +
µ(1−µ)
2 H 
	 	 

 µ(1−µ)/2   " 
  *-I  	   	 


 	
 <
x¨− 2y˙ = ∂Ω
∂x
H*3I
y¨ + 2x˙ =
∂Ω
∂y
.
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	 		 T  
 	
 V  
  		

(u, v)
T =
u˙2
2
+
v˙2
2
V = −(1− µ)
r1
− µ
r2
D r21 = (u1 − u)2 + (v1 − v)2  r22 = (u2 − u)2 + (v2 − v)2
   
 	 L = T − V !   	   <
∂L
∂u˙
= u˙ = pu
∂L
∂v˙
= v˙ = pv
.	
	 H′ = T + V 	  <
H′(u, v, pu, pv) = 12(p
2
u + p
2
v)−
1− µ
r1
− µ
r2
. H*9I
 	 	  #	 	    <{
u = (cos t)x− (sin t)y
v = (sin t)x + (cos t)y
H*2I
	 	  #	 
     
  		
 (u, v)  
 (x, y)
 	  #	 	 S(pu, pv, x, y, t)  

  	#	
 		 <
u =
∂S
∂pu
v =
∂S
∂pv
px =
∂S
∂x
py =
∂S
∂y
.
  	
	 
 #	 	 H*2I!  	 <
S(pu, pv, x, y, t) = pu
(
(cos t)x− (sin t)y) + pv((sin t)x + (cos t)y
)
.
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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 <
px =
∂S
∂x
= cos t(pu) + sin t(pv) H*5I
py =
∂S
∂y
= − sin t(pu) + cos t(pv).
 
 .	
	 H 	  <
H(x, y, px, py) = H′(x, y, px, py, t)− ∂S
∂t
.
 
 ∂S/∂t <
∂S
∂t
=− pu(sin t)x− pu(cos t)y + pv(cos t)x− pv(sin t)y
(1.9)
= xpy − ypx.
( 

!   <
H(x, y, px, py) = 12(p
2
x + p
2
y)−
1− µ
r1
− µ
r2
− xpy + ypx
=
(x2 − 2xpy + p2y + y2 + 2ypx + p2x)− (x2 + y2)
2
− 1− µ
r1
− µ
r2
=
(px + y)2 + (py − x)2
2
− x
2 + y2
2
− 1− µ
r1
− µ
r2
.
 .	
	  	 "   !  	  H 
  µ(1−
µ)/2 / 	!    <
H(x, y, px, py) = (px + y)
2 + (py − x)2
2
− x
2 + y2
2
− 1− µ
r1
− µ
r2
− µ(1− µ)
2
H**:I
D
r1 =
√
(x + µ)2 + y2  r2 =
√
(x− 1 + µ)2 + y2.
 	  .	
   <
x˙ =
∂H
∂px
= px + y ; y˙ =
∂H
∂py
= py − x H***I

p˙x = −∂H
∂x
= py − x + Ωx ; p˙y = −∂H
∂y
= −px − y + Ωy H**-I
D Ωx  Ωy  
 	 	

   " x  " y 
Ω =
x2 + y2
2
+
1− µ
r1
+
µ
r2
+
µ(1− µ)
2
.
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
  H*3I < {
x¨− 2y˙ = Ωx
y¨ + 2x˙ = Ωy
H**1I
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  	
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	 
   
!   

	 <
C(x, y, x˙, y˙) = −(x˙2 + y˙2) + 2Ω(x, y) = −2H(x, y, x˙, y˙). H**7I
  @! 	 C(x, y, x˙, y˙)     <
dC
dt
= −2x˙x¨− 2y˙y¨ + 2Ωxx˙ + 2Ωy y˙
= 2x˙ (Ωx − x¨)︸ ︷︷ ︸
	:−2y˙
+2y˙ (Ωy − y¨)︸ ︷︷ ︸
	:−2x˙
= −4x˙y˙ + 4y˙x˙ = 0.
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	   H**1I  x˙ = y˙ = x¨ = y¨ = 0 	 <{
Ωx = 0
Ωy = 0
H**,I
D!  
 < Ω = x
2+y2
2 +
1−µ
r1
+ µr2 +
µ(1−µ)
2 .
  H**,I  	 	 	
	 	 E F H	  *-I
 
   
 
 (x, y)  <
L1 : x0 = (1− µ)− α + 13α2 + ... y0 = 0
L2 : x0 = (1− µ) + α + 13α2 + ... y0 = 0
L3 : x0 = −1− µ− β + ... y0 = 0
L4 : x0 = 12 − µ y0 =
√
3
2
L5 : x0 = 12 − µ y0 = −
√
3
2
D α =
(
µ
3(1−µ)
)1/3
 β = −712
(
µ
1−µ
)
.
 
 	
µ
1−µ 	 	!   	 
 	  L1  L2  <
L1 : x0 = (1− µ)− α H**3I
L2 : x0 = (1− µ) + α.
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H(x, y, px, py) = (px + y)
2 + (py − x)2
2
− (x
2 + y2
2
+
1− µ
r1
+
µ
r2
+
µ(1− µ)
2
)︸ ︷︷ ︸
Ω
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px = −y
py = x
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H(x, y, px, py) = H(k, 0, 0, k) + 12
[
∂2H(k, 0, 0, k)
∂x2
(x− k)2
+
∂2H(k, 0, 0, k)
∂x∂y
(x− k)y + . . . + ∂
2H(k, 0, 0, k)
∂p2y
(py − k)2
]
+ . . . H-*I
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• ∂H
∂x
= x− py − Ωx
⇒ ∂
2H
∂x2
= 1− Ωxx, ∂
2H
∂x∂y
= −Ωxy, ∂
2H
∂x∂px
= 0,
∂2H
∂x∂py
= −1
• ∂H
∂y
= y + px − Ωy
⇒ ∂
2H
∂y2
= 1− Ωyy, ∂
2H
∂y∂x
= −Ωyx, ∂
2H
∂y∂px
= 1,
∂2H
∂y∂py
= 0
• ∂H
∂px
= y + px
⇒ ∂
2H
∂px2
= 1,
∂2H
∂px∂x
= 0,
∂2H
∂px∂y
= 1,
∂2H
∂px∂py
= 0
• ∂H
∂py
= −x + py
⇒ ∂
2H
∂py2
= 1,
∂2H
∂py∂x
= −1, ∂
2H
∂py∂y
= 0,
∂2H
∂py∂px
= 0.
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H(x, y, px, py) = H(k, 0, 0, k) + 12
[(
1− Ωxx(k, 0)
)
(x− k)2 − (x− k)(py − k)−
2Ωxy(x− k)y +
(
1− Ωyy(k, 0)
)
y2 + 2ypx + px2 − (py − k)(x− k) + (py − k)2
]
+ . . .
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Ω(x, y) =
x2 + y2
2
− 1− µ
r1
− µ
r2
− µ(1− µ)
2
 Ωx(x, y) = x− (1− µ)(x + µ)
r13
− µ(x− 1 + µ)
r23
 Ωy(x, y) = y − (1− µ)y
r13
− µy
r23
⇒ · Ωxx(x, y) = 1− 1− µ
r13
+
3(1 − µ)(x + µ)2
r15
− µ
r23
+
3µ(x− 1 + µ)2
r25
· Ωyy(x, y) = 1− 1− µ
r13
+
3(1 − µ)y2
r15
− µ
r23
+
3µy2
r25
· Ωxy(x, y) = Ωyx(x, y) = 3(1− µ)(x + µ)y
r15
+
3µ(x− 1 + µ)y
r25
 
 	 r1  r2  	 	
	! 	 (k, 0, 0, k) <
r1(x, y) =
√
(x + µ)2 + y2
 r1(k, 0) = |k + µ|
r2(x, y) =
√
(x− 1 + µ)2 + y2
 r2(x, y) = |k − 1 + µ|
!
Ωxx(k, 0) = 1 +
2(1 − µ)
|k + µ|3 +
2µ
|k − 1 + µ|3 = a
Ωyy(k, 0) = 1− 1− µ|k + µ|3 −
µ
|k − 1 + µ|3 = −b
Ωxy(k, 0) = Ωyx(k, 0) =
3(1 − µ)|k + µ|.0
|k + µ|5 +
3µ|k − 1 + µ|.0
|k − 1 + µ|5 = 0
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H(x, y, px, py) = H0 + 12
[(
(x− k)2 − 2(x− k)(py − k) + (py − k)2
)
+ (y2 + 2ypx + p2x)−
a(x− k)2 + by2
]
+ . . .
= H0 + 12
[
(py − x)2 + (y + px)2 − a(x− k)2 + by2
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+ . . .
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Hl = 12
[
(p′y − x′)2 + (y′ + p′x)2 − ax′2 + by′2
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x˙′ =
∂Hl
∂p′x
= p′x + y
′, p˙′x = −
∂Hl
∂x′
= p′y − x′ + ax′
y˙′ =
∂Hl
∂p′y
= p′y − x′, p˙′y = −
∂Hl
∂y′
= −p′x − y′ − by′.
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x˙ = vx, v˙x = 2vy + ax
y˙ = vy, v˙y = −2vx − by
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Hl(x, y, px, py) = El(x, y, vx, vy) = 12(vx
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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a = 9.892, b = 3.446  L1 
a = 8.246, b = 2.623  L2
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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		 H-,I <

x˙
y˙
v˙x
v˙y

 =


0 0 1 0
0 0 0 1
a 0 0 2
0 −b −2 0




x
y
vx
vy

 H-9I
  	   <
C =


0 0 1 0
0 0 0 1
a 0 0 2
0 −b −2 0

  P =


x
y
vx
vy

 ,
H-9I 	 <
d
dt
P = CP.
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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		 <∣∣∣∣∣∣∣∣∣∣
−s 0 1 0
0 −s 0 1
a 0 −s 2
0 −b −2 −s
∣∣∣∣∣∣∣∣∣∣
= −s
∣∣∣∣∣∣∣
−s 0 1
0 −s 2
−b −2 −s
∣∣∣∣∣∣∣+ 1
∣∣∣∣∣∣∣
0 −s 1
a 0 2
0 −b −s
∣∣∣∣∣∣∣
= s2(s2 + 4) + s2b− as2 − ab
= s4 + s2(4 + b− a)− ab = 0.
 
	 ρ = 16 + a2 + b2 + 2ab + 8b− 8a  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⇒ s2 = a− b− 4±
√
ρ
2
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• ±λ 	 s2 > 0!  λ =
√
s2
• ±iν 	 s2 < 0!  ν = √−s2
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*I 6
  λ

−λ 0 1 0
0 −λ 0 1
a 0 −λ 2
0 −b −2 −λ




α
β
γ
δ

 =


0
0
0
0


⇒


−λα + γ = 0 (1)
−λβ + δ = 0 (2)
aα− λγ + 2δ = 0 (3)
−bβ − 2γ − λδ = 0 (4)
P	 α = 1
(1)⇒ γ = λ (3)⇒ δ = −a−λ22
(2)⇒ β = −a+λ22λ 
/ σ = a−λ
2
2λ      " 
 
  λ  
	
 " <
u1 =


1
−σ
λ
−λσ


-I 6
  − λ

λ 0 1 0
0 λ 0 1
a 0 λ 2
0 −b −2 λ




α
β
γ
δ

 =


0
0
0
0


⇒


λα + γ = 0 (1)
λβ + δ = 0 (2)
aα + λγ + 2δ = 0 (3)
−bβ − 2γ + λδ = 0 (4)
P	 α = 1
(1)⇒ γ = −λ (3)⇒ δ = −a−λ22
(2)⇒ β = a−λ22λ 
$    " 
 
  λ  	
 " <
u2 =


1
σ
−λ
−λσ


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  iν

−iν 0 1 0
0 −iν 0 1
a 0 −iν 2
0 −b −2 −iν




α
β
γ
δ

 =


0
0
0
0


⇒


−iνα + γ = 0 (1)
−iνβ + δ = 0 (2)
aα− iνγ + 2δ = 0 (3)
−bβ − 2γ − iνδ = 0 (4)
P	 α = 1
(1)⇒ γ = iν (3)⇒ δ = −a+ν22
(2)⇒ β = ia+ν22ν 
/ τ = −a+ν22ν      " 
 
  iν  
	
 "
w1 =


1
−iτ
iν
ντ


7I 6
  − iν

iν 0 1 0
0 iν 0 1
a 0 iν 2
0 −b −2 iν




α
β
γ
δ

 =


0
0
0
0


⇒


iνα + γ = 0 (1)
iνβ + δ = 0 (2)
aα + iνγ + 2δ = 0 (3)
−bβ − 2γ + iνδ = 0 (4)
P	 α = 1
(1)⇒ γ = −iν (3)⇒ δ = −a+ν22
(2)⇒ β = −ia+ν22ν 
$    " 
 
  −iν  	
 "
w2 =


1
iτ
−iν
ντ

 .
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 
 
	 	 <
C = V DV −1, H-2I
D
V =


1 1 1 1
−σ σ −iτ iτ
λ −λ iν −iν
−λσ −λσ ντ ντ


 
 	    
D =


λ 0 0 0
0 −λ 0 0
0 0 iν 0
0 0 0 −iν

 .
  	= H-2I 
d
dtP = CP !  	 <
d
dt
P = V DV −1P
⇒ V −1 d
dt
P =
d
dt
(
V −1P
)
= DV −1P,
"	  
 	 	@	

 H-9I 	 <

x˙1
x˙2
x˙3
x˙4

 =


λ 0 0 0
0 −λ 0 0
0 0 iν 0
0 0 0 −iν




x1
x2
x3
x4

 H-5I
D (x1, x2, x3, x4)t = V −1P  
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 	
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  
  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 D

   
   u1, u2, w1, w2
 
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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ξ = x1 ζ1 = x3 + ix4
η = x2 ζ2 = ix3 + x4
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⇒ζ˙1 = x˙3 + ix˙4 = iνx3 + i(−iνx4) = νζ2 
ζ˙2 = ix˙3 + x˙4 = i(iνx3)− iνx4 = −νζ1.
  	@	
 H-5I 	 
 <
ξ˙ = λξ
η˙ = −λη
ζ˙1 = νζ2
ζ˙2 = −νζ1.
H-*:I
?  	 	@	

   
	 		 <
ξ(t) = ξ0eλt
 η(t) = η0e−λt
/ ζ1  ζ2!   
 
	 <{
ζ˙1 = νζ2
ζ˙2 = −νζ1
⇒ ζ¨1 = −ν2ζ1,
 	 		
ζ1 = A cos νt + B sin νt
⇒ζ2 = 1
ν
ζ˙1 = −A sin νt + B cos νt
D A  B   
(
! 	   ζ(t) = ζ1(t) + iζ2(t)!  
ζ(t) = A cos νt + B sin νt− iA sin νt + iB cos νt
= (A + iB)(cos νt− i sin νt)
= (A + iB)e−iνt = ζ0e−iνt.
/ ! 
 
	  H-*:I  <
ξ(t) = ξ0eλt ! η(t) = η0e−λt
ζ(t) = ζ1(t) + iζ2(t) = ζ0e−iνt. H-**I
   
 #	 ηξ  |ζ|2 = ζ12 + ζ22   	
 	
 
   @ <
d
dt
(ηξ) = η˙ξ + ηξ˙
(2.10)
= −ληξ + ληξ = 0  H-*-I
d
dt
(ζ12 + ζ22) = 2(ζ1ζ˙1 + ζ2ζ˙2)
(2.10)
= 2ν(ζ1ζ2 − ζ2ζ1) = 0 H-*1I
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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+	  	 (ξ, ζ1, η, ζ2)   
 
  	
 	!
  	 <
ξ˙ = λξ =
∂Hl
∂η
η˙ = −λη = −∂Hl
∂ξ
ζ˙1 = νζ2 =
∂Hl
∂ζ2
ζ˙2 = −νζ1 = −∂Hl
∂ζ1
.
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    <
Hl = λξη + ν2 (ζ
2
1 + ζ
2
2 ). H-*7I
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   
 (x, y, px, py)  	 (ξ, ζ1, η, ζ2)  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R = {(η, ξ, ζ1, ζ2)∣∣Hl = E , |η − ξ| ≤ c}.
/  
   η − ξ ∈ [−c, c ]   E !  	 
E = Hl
=
λ
4
(4ξη) +
ν
2
(ζ12 + ζ22)
=
λ
4
(2ξη + ξ2 + η2 + 2ξη − ξ2 − η2) + ν
2
(ζ12 + ζ22)
=
λ
4
(
(η + ξ)2 + (η − ξ)2)+ ν
2
(ζ12 + ζ22)
⇒ λ
4
(η + ξ)2 +
ν
2
(ζ12 + ζ22) = E + λ4 (η − ξ)
2
H-*,I
   H-*,I  
	   H 
 	  


	RI  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√
E + λ4 (η − ξ)2  
 
 (ζ1, ζ2, η + ξ)  	 R   

	     	
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 
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 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 
 # R <
L 
  n1!  


 η − ξ = −c!
L 
  n2!  


 η − ξ = +c
%	 &  
	  
  	 	 n1  n2 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• η + ξ = 0!  
  
	!
• η + ξ > 0!  
  	 	!
• η + ξ < 0! 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 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D α1! α2! γ1! γ2 ∈ M 
+
	 
 
	 

  H-*9I   	   
  

!  		  α1 ∈ M0  α2 ∈ M0 (
 	 
  	
 <
γ1e
iνtw1 + γ2e−iνtw2 = γ1eiνtw1 + γ2eiνtw1 H-*2I
D z  
 
 =  z
   
	 H12I  

 	 <
γ2 = γ1
 γ1 = β1 + iβ2 = β
γ2 = β1 − iβ2.
	    
  	 		 L1  L2 11
	 H-*9I 	 
 <
S(t) = α1eλtu1 + α2e−λtu2 + γ1eiνtw1 + γ1eiνtw1
= α1eλtu1 + α2e−λtu2 + 2Re
(
βeiνtw1
)
D β = β1 + iβ2  α1! α2! β1! β2  	   


⇒


x(t) = α1eλt + α2e−λt + 2(β1 cos νt− β2 sin νt)
y(t) = −α1σeλt + α2σe−λt + 2τ(β1 sin νt + β2 cos νt)
vx(t) = α1λeλt − α2λe−λt − 2ν(β1 sin νt + β2 cos νt)
vy(t) = −α1λσeλt − α2λσe−λt + 2ντ(β1 cos νt− β2 sin νt).
H-*5I
 

 	  
  	    
		 
x(t)! t   ±∞   
  
  	  	 

? H-*5I!   <
x(t) = α1eλt + α2e−λt + 2(β1 cos νt− β2 cos νt). H--:I
• 		  
  D t → +∞    H--:I  	 
   α1    	  	
 	 
 	  α1 H	
 -,I <
· +	 α1 < 0! x(t) → −∞! 
     K 
· +	 α1 = 0! x(t)    
     	 	
	
· +	 α1 > 0! x(t) → +∞  
    K 	
•   	 	 	 t→ −∞  	 α2 
 α1
 

 	   	@ 		  	  α1  α2
     
  	 	    <
H*I +	 α1 = α2 = 0!    
	 		 	  
	  '
 + =	  
 
 (x, y)   

	   @!  H-*5I 
α1 = α2 = 0 <
⇒


x(t) = 2(β1 cos νt− β2 sin νt)
y(t) = 2τ(β1 sin νt + β2 cos νt)
vx(t) = −2ν(β1 sin νt + β2 cos νt)
vy(t) = 2ντ(β1 cos νt− β2 sin νt).
H--*I
/ 	 β1 = S cosφ  β2 = S sinφ! D S  φ   



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α α1 2 α α1 2
α
1
α
2 α
1
α
2
α
 α 1
2
=
0 L > 0> 0
<
 0
<
 0 > 
0
>
 0α1α2
<0
α1α2
<0
S S12
 -, L P
  
 (x, y)
 	 H--*I 	 
 <

x(t) = 2S cos(νt + φ)
y(t) = 2Sτ sin(νt + φ)
vx(t) = −2Sν sin(νt + φ)
vy(t) = 2Sντ cos(νt + φ).
H---I
   <
x2(t)
4S2
+
y2(t)
4S2τ2
=
4S2 cos2(νt + φ)
4S2
+
4S2τ2 sin2(νt + φ)
4S2τ2
= 1,
 	  	 
	  

	  
     
 2S 
2Sτ 
M
  "   	  S J " 
	
 	 0 H-3I
 #
 J " H--*I <
E =1
2
(v2x + v
2
y − ax2 + by2)
=2S2
(
ν2 sin2(νt + φ) + ν2τ2 cos2(νt + φ)
− a cos2(νt + φ) + bτ2 sin2(νt + φ)) H--1I
		 t 
  cos2(νt + φ) = sin2(νt + φ) = 1/2! "	 νt + φ =
(2k + 1)π4 !   t = (2k + 1)
π
4ν − φν 
	    
  	 		 L1  L2 1,
?  #C! H--1I 	 <
E = S2(ν2 + ν2τ2 − a + bτ2)
D   κ = ν2 + ν2τ2 − a + bτ2   <
S =
√
E
κ
.
  		 
 
	 		  S   
 
    


	
H2
√E/κ  2τ√E/κI 	 		
  
 	

  


	   0  E    @!  
 
 A	   

  	 	
	 HC → CiI!   
 
Hl = E = 12(−a(x − k)2 + by2) → 0 	 x − k  y   :  
  	 	
	  
   (k, 0)
H-I $	 	 
  D α1α2 = 0   
  	 '	
 " 
	  
• +	 α1 = 0!   
 	  =  
 
 (x, y)  
 S1   
 	 y = σx± 2
√
E(σ2 + τ2)/κ
+	   H-*5I  α1 = 0    =" #	 β1 = S cosφ 
β2 = S sinφ!   <

x(t) = α2e−λt + 2S cos(νt + φ)
y(t) = α2σe−λt + 2Sτ sin(νt + φ)
vx(t) = −α2λe−λt − 2ν(β1 sin νt + β2 cos νt)
vy(t) = −α2λσe−λt + 2ντ(β1 cos νt− β2 sin νt)
H--7I
⇒ y − σx = 2S[τ sin(νt + φ)− σ cos(νt + φ)] H--,I
/ τ = R cosψ  σ = R sinψ ;   R2 = σ2 + τ2 	 H--,I
	 <
y = σx + 2S
√
σ2 + τ2 [cosψ sin(νt + φ)− sinψ cos(νt + φ)]
= σx + 2S
√
σ2 + τ2 sin(νt + φ− ψ). H--3I
0
    	 " 
 	 	
	  	 
	        S 
! "	! t →
+∞    H--7I  e−λt 
   

  
 
 
  
  D α1 = α2 = 0     S =
√E/κ
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	 H--3I     
   	  
	  −1  1!  	 	  
 	  	  
	 	 <
y = σx± 2
√
E(σ2 + τ2)/κ.
/ 	! 	
    " #	 "  	 	

! "	 	   
	    t → +∞!
	 
   e−λt → 0  t→ +∞
•   D α2 = 0  	  #C 		
	  
 	 	 
=  
 
 (x, y)    S2   
 	 y = −σx±
2
√E(σ2 + τ2)/κ
?  !    	 	 	
! "	 	
  
	    t→ −∞
H1I (
 	 
  D α1α2 < 0 0 H-*5I <
x(t) = α1eλt + α2e−λt + 2(β1 cos νt− β2 cos νt)
y(t) = −α1σeλt + α2σe−λt + 2τ(β1 sin νt + β2 cos νt).
• α1 > 0  α2 < 0
; 	 	   t→ +∞! x(t) → +∞! 	  	 t→ −∞!  
x(t) → −∞ O " y(t)!  	 	
   −∞!     +∞
 −∞  	   	  
 	    -,  

	 	    	 " 
	 		    @	
 	  
• α1 < 0  α2 > 0
?  ! 
 	 	
 	
  
  	 	 
 =  	  	
H7I M
   
  D α1α2 > 0
+  α1  α2 	 		# +	 t → +∞! 
 x(t) → +∞! 	 	
t → −∞!     x(t) → +∞ O t → +∞! 
 y(t) → −∞
  t → −∞! y(t) → +∞    
 	  = 
K 	  
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  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O α1  α2  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  K    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=  	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  D 

  	 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 (x, y)
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 	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  
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 
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 K   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 
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 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 	  α1   α2  	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  
 		  
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 /

!  
 	 
 
 " 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 
  -,! α1  α2   
 
	#! 	  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 (vx, vy) 
vx
y
α1 0<2α
α1 0<2α
α1 2α > 0α1 2α > 0
x,y( )
v
 -3 L (  	 (x, y) 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	 α1α2 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 S2 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 
 (x, y) "   t   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